Compact Antenna System for Dual Beam Application in GSAT-1 Satellite by Sanandiya, H C et al.
Indian J. Phys. 75B (3), 195-199 (2001)
U P  B
—  an in ternational journa l
Compact antenna system for dual beam application in GSAT-1 satellite
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Abstract T he ind igenously  developed G co-S tationary  Launch V ehicle (GSI V) will launch GSA T-I com m unication  satellite. I’hc antenna 
IS catering up link  serv ice  for tw o dilTcrcnt coverages : Indian region and South  A frican countries The antenna configuration is 0 4 m single offset 
reflector an tenna w ith  tw o  feed horns system  The frequency band o f  operation  is 5 850-6 370 G l l /  with gam  requirem ent o f  21 dBi over the very 
wide two separate  coverages o f  the order o f  8 0®. ITic paper deals with the design and analysis considering various factors such  as ECX: gain 
requirement over the dual w ide coverages, w ith  constrain t o f  volum e and feed inter-elem ent spacing, focal length to reflector diam eter ratio  ifd ), 
(iltset angle, o ffse t d istance  The scope o f  th is paper is lim ited to dual coverage an tenna design  and analysis, where a single offset parabolic is used 
as an aperture
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I. In t ro d u c tio n
The basic p u rp o s e  o f  re a l is a tio n  o f  m o re  th a n  o n e  b e a m  is 
to use same f re q u e n c y  n u m b e r  o f  tim e  w ith  sp ec if ie d  
polarisation fo r  o p tim u m  u tilis a tio n  o f  fre q u e n c y  sp e c tru m . 
This is th e  c u rre n t tr e n d  fo r th e  c o m m u n ic a tio n  sa te llite s
II, 3]. A c o m p a c t a n te n n a  sy s tem  fo r  d u a l b e a m  h as b een  
realised fo r  th e  G S A T -1  C o m m . S a te llite . T h e  an te n n a  
beam cen tre  d ire c tio n s  a re  9 0 °E , 3 5 °N  an d  2 5 °E , 8®S fo r 
India and S o u th  A fric a  C o v e ra g e  re s p e c tiv e ly  c o n s id e r in g  
antenna ax is  d ire c tio n  5 5 °E , 10.5®N an d  5 5 °E  G e o  s lo t fo r 
GSAT- 1  S a te lli te  p a rk in g .
The d e v e lo p m e n t o f  d u a l c o v e ra g e  b e a m  w ith  s in g le  
offset re f le c to r  a n te n n a  is ta k e n  u p  firs t tim e  a t C -B a n d  
frequency. T h e  a v o id a n c e  o f  a p e r tu re  b lo c k a g e  im p lie s  th a t 
offset re f le c to r o f f e r  g o o d  p o te n tia l fo r  m u lti-e le m e n t feed  
array and M u ltip le  B e a m  A n te n n a  (M B A ) re a lisa tio n . T h e  
feed element p o s itio n s  a re  d e te rm in e d  fro m  re f le c to r  g eo m etry  
and the b eam  c o v e ra g e  re q u ire m e n ts . T h e  fe e d s  a re  la te ra lly  
(lisplaced f ro m  th e  fo c u s  in th e  fo ca l p la n e  to  scan  th e  
respective b e a m  to  m e e t th e  sp e c if ie d  c o v e ra g e  re q u ire m e n t. 
An offset re f le c to r  w ith  tw o  d is p la c e d  fe e d s  is th e  final 
antenna c o n fig u ra tio n  a s  sh o w n  in  F ig u re  1. T h e  sm a ll fla re
an g le  d o m in a n t T E l l  m o d e  co n ica l h o rn  w as u se d  as its 
a p e r tu re  size  is 11%  (a p p ro x .)  sm a lle r  th an  d u a l m o d e  an d  
c o rru g a te d  h o rn  fo r th e  sam e  p e rfo rm an ce .
TNC IFI
F ig u re  1. 0.4 M  dual coverage fixed offset reflector an tenna, GSAT-1
F o r  th e  e x is tin g  c o v e ra g e  re q u ire m e n ts ,  th e  b e a m  
se p a ra tio n  d is ta n c e  h a s  im p o se d  s tr in g e n t lim ita tio n  o n  feed  
e lem en t ap e rtu re  size  d u e  to  in su ffic ien t in te r-c le m e n t sp ac in g .
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T h is  le a d s  c o m p ro m ise  b e tw e e n  e le m e n t a p e rtu re  d ia m e te r 
a n d  a c h ie v a b le  fe e d -e le m e n t illu m in a tio n  tap e r . T h is  fu rth e r 
a ffe c ts  o v e ra ll a n te n n a  p e rfo rm a n c e  f l ,  3, 4].
F ig u re  2. O ffset R eflector G eom etry 
2. T h e o r y
T h e  o ffse t r e f le c to r  is u n iq u e  fo r th e  la rg e r feed  size  and  e a sy  
re f le c to r  d e p lo y m e n t to  re a lise  a c o m p a c t a n ten n a  sy s tem . 
It a lso  re d u c e s  th e  re a c t io n  o f  th e  re f le c to r  u p o n  th e  p rim a ry - 
feed  to  a v e ry  lo w  o rd e r . T h e  e x c e lle n t iso la tio n  b e tw een  
re f le c to r  a n d  p rim a ry -fe e d  im p lies  th a t th e  p rim a ry -fe e d  
V S W R  can  be m ad e  to  b e  e sse n tia lly  in d e p e n d e n t o f  the 
re f le c to r. W h en  m u ltip le -e le m e n t o r  d u a l p o la r ise d  p rim a ry - 
feed  e le m e n ts  a re  to  be em p lo y e d ; th e  m u tu a l c o u p lin g  
o c c u rin g  b e tw een  feed  e le m e n t v ia  th e  re f le c to r  can  be 
re d u c e d  to  an in s ig n ific a n t leve l.
F ig u re  3. Peak cross-po lar levels rad iated  m the plane o f  asym m etry 
=  '/i) as a function  o f  the offset rc llec to r param eters Oo and (F.
T h e  c ro s s  p o la r is a t io n  p e rfo rm a n c e  o f  an  o ffse t re f le c to r  
a n te n n a  m a in ly  d e p e n d s  on  o ff se t a n g le  { (k ) . fd  ra tio  an d
feed  c ro s s -p o la r  p e r fo rm a n c e  a s  sh o w n  in  F ig u re  3 and 
re la tiv e ly  in se n s itiv e  to  th e  fe e d - im p o se d  illu m in a tio n  taper
11]. L a te ra l d is p la c e m e n t o f  th e  fe e d  o f  a  p a ra b o lic  antenna 
c a u se s  th e  b eam  to  scan  o n  th e  o p p o s ite  s id e  o f  th e  reflector 
ax is  [2 ].
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F ig u re  4. Space a ttenuation  factor for offset reflection , includine addilionjl 
'/i (1 + cos6P) term  from  feed expression . For plane o f  symmcijv usi 
(d) = 45°, (c) Oo =  40°, ( 0  ^  35° For plane o f  asym m etry use curve
(g) for any offset angle
1 1 .
F ig u re  5. B cam w idtli factor iV as a function  o f  reflector illuminaimi 
taper
F ig u re  6. B eam  deviation  factor ^vith m ean rc llec to r illuminiilions ol 
(a) - 1 0  dfl and (b) - 6  dB
T h e  ra tio  o f  b e a m  sc a n  a n g le  to  fe e d  scan  an g le  is defined 
as th e  b e a m  d e v ia tio n  fa c to r  (B D F ), g e n e ra l ly  o f  the order 
o f  0 .8 5  to  0 .9 8  as  sh o w n  in F ig u re  6 . T h e  re d u c tio n  in gain, 
b eam  b ro a d e n in g , in c re a se  in s id e lo b e  o n  ax is  side and 
d e c re a s e  in s id e lo b e  o n  o th e r  s id e , in c re a se  in peak  cross 
p o la r is a t io n  lev e l an d  sh if tin g  o f  its  n u ll in  th e  sam e  direction 
th a t o f  c o -p o la r  b e a m  a re  th e  c o m m o n  p h e n o m e n a  w ith beam 
sc a n n in g  a n d  on  n u m b e r o f  H a lf -P o w e r  B e a m w id th  (HPBW). 
fa c to r  (S), sc a n n e d  (1 ).
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The m u tu al c o u p lin g  d e p e n d s  o n  o p e ra tio n a l freq u en cy  
. po larisa tion  o f  e a c h  e lem en t, ty p e  o f  e lem en t and  
b e tw e e n  th e  feed  c lem en t. F u rth e r, th e  m utua l 
^oupli^S affec ts  b o th  c o -p o la r  a n d  c ro s s -p o la r  rad ia tio n  
performance o f  an  a n te n n a  [4],
3. Design theory
To design a  d u a l b e a m  o r  m u ltip le  b e a m  a n te n n a  system , 
s tr in g e n t lim its a re  im p o se d  b y  th e  e le m e n t p a tte rn , n u m b er 
of elem ent an d  th e ir  in te r-e le m e n t sp ac in g , to ta l size and 
w eig h t o f  feed  a rray . T h e  feed  e le m e n ts  u sed  a re  c ircu la r- 
a p e r tu re  co n ica l h o m  w ith  n o n -o p tim u m  a p e rtu re  d iam e te r 
(dm '  68 m m ) d u e  to  c o n s tra in t o f  in te r-e lem en t spac in g .
In the e le c tr ic  d e s ig n  o f  a  d u a l b e a m  o ffse t re f lec to r 
antenna, a la rge  n u m b e r o f  p a ra m e te rs , see  F ig u re  2 , m ust 
be taken in to  a c c o u n t [1 ,3 ] . T o  illu s tra te  th e  d es ig n  p ro cess  
a step 'in -step  p ro c e d u re  is  e sse n tia l as  sh o w n  in T ab le  1.
I .b lf  t. Design Procedure Steps.
Step O peration O utput
Specify pro jected  apertu re  diam eter d
Specify reflector param eters h\ Oo, ^
Specify prim ary-feed param eters type, brt
Determine prim ary-feed locations <Sfn, 0h
(Uilline perform ance estim ate HPBW, gam , sidcIobc, i 
p o la r isa tio n , & check  
inler-clcm cnt spacing
The seco n d ary  p a tte rn  h a lf  p o w e r fu ll b eam  w id th  {ipon) 
for an o n-ax is b e a m  is g iv e n  b y  eq . (1 ) , w h e re  d is th e  
pro|ccted d ia m e te r  o f  o ff se t re f le c to r  an d  T is th e  feed - 
illumination ta p e r  w h ic h  can  b e  e s fu n a te d  u s in g  eq . (4 )  [see 
figure 4]. T h is  e q u a tio n  is v a lid  fo r  feed s lo ca ted  c lo se  to  
the focal p o in t o f  th e  re f le c to r  an d  is m o d ifie d  to  in c lu d e  th e  
beam -broadening e ffe c t w ith  scan , ^ s c a n ) ,  as  g iv en  by  eq . 
(2) and show n  in F ig u re  5.
ipan =  (0 .7 6 2 T  + 5 8 .4 4 )  XJd, in  d e g re e , (1 )
f?(scan) f t  =  in  d e g re e . (2 )
Gain Loss (GL) d u e  to  scan  is g iv en  b y
0 .0015(5^ 0.0011<5^
GL{dB) =  + 0 .0 2 ] ^  [ ( F /  Dp)  ^ + 0 .0 2 ]
(3 )
where S is th e  n u m b e r  o f  b e a m w id th s  ( s c a nne d  from  
boresight a n d  Dp is th e  d ia m e te r  o f  th e  p a re n t p a ra b o lic  
reflector. F o r o ff se t re f le c to r  a n te n n a  g eo m e try , h a lf  p o w er 
beamwidth (iPm ). h a l f  su b te n d e d  a n g le  {&*), fe e d  c lea ran ce  
distance (d c ) a n d  e f fe c tiv e  fo c a l le n g th  (Fe) a re  e s tim a ted  
using eqs. (1 ) , (5 ) , (6 )  a n d  (7 )  re sp ec tiv e ly .
T  = - 2 0  log,o[cxp{-0.3467 [ e * ( d m l X ) l 3 \ f } l  (4)
20* =  2  tan  '[ (2 F d ) /(4 F ^  +  A(d +  h)], (5 )
dc = 2F tan [(0o  -  0*)/2], (6 )
Fe= F\(\ + cos0*)/(cos 0q) +  cosd»*)], (7 )
w here  dm -  feed  ap ertu re  d iam eter.
T hen  feed  location  co o rd in a tes , feed  ap e rtu re  rad iu s {bn)  ^
phase cen tre  loca tio n  rad ia l d is tan ce  from  focus (Sfn), and  
phase  cen tre  p o la r ang le  ( j0^ i) is g iven  by eqs. (8 )  and  (9).
an = (Fel BDF)
^(sin  ^ + s in ^  y/, ± 2 s in (v r„ )s in ( ( ( r s ) s in (d > „ ) ) (8 )
tS b  ^  a rc  ta n [ ( s in (v '„ ) s in (< P „ ) ± s in ( ( ( / ,) ) /
(s in (v /„ )c o s« & „ ))]  (9 )
d f -  - X 2) + {}'\ ~ y i )
w here y/„ is th e  b o res ig h t p o in tin g  an g le  o f  « -th  b eam , 0 „ 
is the azum ulhal p o in tin g  ang le  o f  M-th beam  and  if/s is the 
b eam  squin t ang le. U sing  an  and  <Pn^  one can  ca lcu la te  the 
X and y  com ponen t o f  each  feed  e lem en t loca tion  as y„ -  an 
s\n(0n) and  x„ = an cos((Pn) fo r re sp ec tiv e  beam . T hen  the 
in te r-e lem en t d is tance  {df) can  be  g iv en  by eq u atio n  (10).
4. R e su lts
T he  m easu rem en ts  w ere  ca rried  o u t on  the  fa r fie ld  range 
w ith  au to m ated  te s t sc l-up  w ith  ra s te r scan n in g  tech n iq u e  
d e fin in g  g rid  size o f  —10 to  + 10  d eg ree  in az im u th  and 
e lev a tio n  w ith  0.1 deg ree  step  in b o th  d irec tio n s . T h is  w as 
req u ired  to  acq u ire  su ffic ien t co -p o la r  an d  c ro ss -p o la r  
rad ia tion  patterns d ata  for the generation  o f  co v erag e  con tours- 
foo tp rin ts. T h e  m easu red  V S W R  is o f  the o rd e r o f  1.22 w h ile  
m u tu a l c o u p lin g  be tw een  b eam p o rt is - 4 0  dB . T h e  m easu red  
s id e lo b e  levels a re  w ith in  1 9 - 2 1 dB  w ith  2 -3  dB  im b alan ce  
in levels. T h e  p red ic ted  and m easu red  g a in  an d  cross 
p o la risa tio n  iso la tion  co n to u rs  a re  show n in F ig u res 7 , 8, 9
0 4m  C-bMid Dual Coveroge Receive Aniemu (FM), GSAT-I 
T A E. c m . Co-Polif Gam Cunlour PW 
Verttttl Polaiuaiioii INDIA COVERAGE (TF.CHICOl.PAT)
26 OCT 1999 6 MOO GHz 
M«p (SSE. 05. 357%) (g)
Figure 7. Measured contour plot for India coverage (a) Gain.
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0 4 m C-bond DimI Covmife lUMve Am m u  (PM). GSaT-I 
T A P.. CHI, Co<P«iiw Ghu CoBMNir PIm 
Venical Potariniloii. INDIA COVERAGE, (TECHICOl.PAT)
Map (SSL. 05. 35796) (b)
F ig u re  7. M eiuured  con lour plo t for India coverage (b) Cross polar 
iso lation
0 4 m  C-taand Dual Coverege Rooeivc Antenna (FM). GSAT'I 
T A L. nil, Co-Polar Gam C^mlour Plot 
Vofliciil Potamalion, INDIA COVERAGE. (TFXHICOI.PAT)
Azimuth in degrees 
26 CX:T 1999 6 1100 GHz 
Map (SSE, 05. 35796)
04  m C<bond Dual Covcn>||c Haoeivc Anienna (FM). GSAT-I 
T A E. c m ,  Co-Polar Quin Conlour PkM 
VcilieaJ PoInnaalJoii, INDIA COVERAGE, (TTCHICOI PAT)
5
•
Azimuth in degrees 
26 OCT 1999 6 1100 GHz 
Map (SSE, 05. 35796)
F ig u re  8 . M easured  con tou r p lo t for South A frica coverage (a) G ain and 
(b ) C ross po lar isolation.
which shows good agreement. The estimated reduction in 
gain is 0.051 dB and it is within the measurement error 
budget.
Dual Coveraac V 9 Antnim (PM), 08AT-I
T A E. CHI, Co-Poiar Cain Comour Plai 
Vankml PtdartaNlan, INDIA COVERAOE, (TECHICOl.PAT)
26 OCT 1999 6 1100 GHz 
Map . (SSE, 05, 35796)
0 4 m  C-bond Dual Coveiogc Raenve Antenna (FM) GSAl-l 
T A E, CHI Co-Pdar Gain Codmir Plot 
Vertical Polanimi|m INDIA COVERAGE, (TECHICOl.PATl
s
I
Azimuth in degrees 
26 OCT 1999 6 1100 GHz 
Map (SSE, 05. 35796)
F ig u re  9. P redicted  con tou r p lo t for Indian region coverage (a) Gam ami 
(b) C ross po lar isolation
5. Conclusion
The dual beam coverage anUnna system is designed and 
realised first time for Indian Communication Satellite. The 
comparison of predicted and measured results are presented 
The optimal solution is obtained for both the beam coverage 
in order to have minimal effect of beam scanning on gain, 
sidelobes and beamwidth. Simple design procedure is given 
in brief with necessary mathematical equations. This is 
beginning for the future development of multiple beam 
antenna system.
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